METHOD FOR MEASURING DIFFUSION COEFFICIENT IN 
CONDUCTIVE MELTS, AND APPARATUS FOR MEASURING THE SAME 



BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] This invention relates to a method and an apparatus for measuring 
diffusion coefficient in a melt, which are preferably usable in steel making, metal 
forging/refining or semiconductor fabricating technique. 
Related art 

— — — , 

[0002] In material processing technique such as steel making, metal forging/ 

refining or semiconductor fabricating technique, diffusion coefficient in a melt is 

an important parameter in order to enhance the quality of the intended material. 

Conventionally, however, precise measurement technique for the diffusion 

coefficient is not established, so that the intended material is provided by 

changing parameters and varying the parameters in an impromptu manner. 

In this point of view, therefore, with the fabricating the intended material, for 

example, from a melt, uniform fabricating condition has been required, in 

consideration of diffusion coefficient as an important parameter. 

[0003] 

SUMMERY OF THE INVENTION 
It is an object of the present invention to provide a method and an 
apparatus for measuring diffusion coefficient in conductive melts precisely. 
[0004] In order to achieve the above object, this invention relates to a method 
for measuring diffusion coefficient in conductive melts, comprising the steps of: 

joining two conductive solid materials with their respective different 
compositions in parallel with a gravity direction thereof, 

heating and melting the conductive solid materials under static magnetic 
field orthogonal to the gravity direction to form two conductive melts with their 
respective different compositions therefrom, 

maintaining the conductive melts for a predetermined period of time under 
the static magnetic field, 

and 

cooling and solidifying the conductive melts. 
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[0005] This invention also relates to an apparatus for measuring diffusion 
coefficient in conductive melts, comprising: 

heater for heating and melting two conductive solid materials with their 
respective different compositions which are joined along a gravity direction 
5 thereof, to form two conductive melts with their respective different 
compositions, 

holder for maintaining the conductive melts, 

and 

magnetic field-applying means for applying static magnetic field to the 

10 conductive melts in orthogonal to the gravity direction. 

[0006] In the present invention, the two conductive solid materials are joined 
along the gravity direction, and static magnetic field is applied to the joined 
conductive solid material along a direction orthogonal to the gravity direction. 
Then, the joined conductive material is heated and melted, and maintained for a 

15 predetermined period of time. In the maintaining process of the joined 
conductive material which is melted, therefore, convection in the melt is 
repressed effectively, so that the two conductive materials which are joined and 
melted can be diffused each other. As a result, the diffusion coefficient between 
the two conductive materials in the melt can be measured precisely. Herein, the 

20 "diffusion coefficient" means inter-diffusion coefficient between the two 
conductive materials. 

[0007] In a preferred embodiment of the present invention, with the 
maintaining process, if the height and the width of each conductive melt from 
each conductive solid material is set to "h" and V, respectively, the ratio of 
25 (w/h) is set to 1/5 or below. In this case, since the width of the conductive melt 
is set much smaller than the height of the conductive melt, the convection in the 
conductive melt can be repressed more effectively, and thus, the diffusion 
coefficients of the two conductive materials in the melt can be measured much 
precisely. 

30 [0008] In another preferred embodiment of the present invention, the conduc- 
tive melts from the two conductive solid materials are maintained in a non- 
conductive vessel. In this case, no thermoelectromotive force is generated 
between the conductive melts and the vessel, so that the convection in the 
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conductive melts due to the thermoelectromotive force can be repressed much 
effectively, and thus, the diffusion coefficient between the two conductive 
materials in the melt can be measured much precisely. 

BRIEF DESCRIPTION OF THE DRAWINGS 
5 For better understanding of the present invention, reference is made to 

the attached drawings, wherein 

Fig. 1 is a structural view schematically showing an apparatus for 
measuring diffusion coefficient in conductive melts according to the present 
invention, and 

10 Fig. 2 is an enlarged view showing the vessel to maintain the 

conductive melts of the apparatus illustrated in Fig. 1. 
[0009] 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
This invention will be described in detail with reference to the 

15 accompanying drawings. 

Fig. 1 is a structural view schematically showing an apparatus for 
measuring diffusion coefficient in conductive melts according to the present 
invention, and Fig. 2 is an enlarged view showing the vessel to maintain the 
conductive melts of the apparatus illustrated in Fig. 1. 

20 [0010] In the measuring apparatus of diffusion coefficient, as illustrated in 
Fig. 1, a reactor 11 made of quartz is disposed at the center of a furnace 13, and a 
halogen lamp 12 is disposed in the furnace 13 so as to enclose the reactor 11. 
A vessel 1 is fixed in the reactor 11 so as to be disposed at the center of the 
furnace 13. In the vessel 1 are charged two conductive solid materials with 

25 their respective different compositions. The reactor 11 is positioned in a 

cylindrical superconducting magnet 20, so that static magnetic field is applied 
orthogonal to the vessel 1. 

[0011] To the vessel 1 is attached a thermocouple 15, whereby the interior 
temperature of the vessel 1 is measured via a controller 17. To the halogen 
30 lamp 12 is supplied a given electric power from an electric power supply 16, 
whereby the two conductive solid materials are heated by the radiation of the 
halogen lamp 12 and the reflection of a refection plate 19. The output of the 
electric power supply 16 is monitored by the controller 17 and thus, the interior 
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space of the vessel 1 can be heated to a predetermined temperature with the 
temperature monitoring by the thermocouple 15. The interior space of the 
vessel 1 is evacuated with a vacuum pump (not shown) so that the conductive 
melts made of the conductive solid materials is not contaminated by impurities. 
5 [0012] To the upper side of the reactor 11 is provided a purge line via a valve 
18, whereby the reactor 11 is purged on control signal from the controller 17 
after measurement of diffusion coefficient. In the side wall of the furnace 13 is 
built a cooling water line 14, whereby the furnace 13 is cooled and maintained 
within a not overheated temperature range. 
10 [0013] In the vessel 1, as shown in Fig. 2, the conductive solid materials X 
and Y are charged so as to be joined along the gravity direction. The vessel 1 is 
sealed with a lid 2. At the top of the vessel 1 is provided a paste 3 to fix the 
thermocouple 15. 

[0014] Next, the measuring process of diffusion coefficient using the 
15 measuring apparatus will be described. First of all, the interior space of the 
reactor 11 is evacuated with the vacuum pump (not shown), and static magnetic 
field B is applied to the conductive solid materials X and Y so as to be 
orthogonal to the gravity direction. 

[0015] Then, electric power is supplied to the halogen lamp 12 from the 
20 electric power supply 16 to heat the vessel 1 and thus, melt the conductive solid 

materials X and Y. As mentioned above, since the output of the electric power 

supply 16 and the interior temperature of the vessel 1 are monitored and 

controlled by the controller 17, the heating-melting condition (temperature and 

time) can be controlled precisely. 
25 [0016] The conductive melts X' and Y' made of the conductive solid materials 

X and Y are maintained along the gravity direction for a predetermined period of 

time under the static magnetic field B. 

[0017] In this state, the conductive melts X' and Y' diffuse each other. 
As mentioned above, since the static magnetic field B is applied orthogonal to 
30 the conductive melts X' and Y' in the maintaining process, convection in the 
melts X' and Y' can be repressed effectively, so that the diffusion process of the 
melts X s and Y' can be performed precisely. 

[0018] The strength of the static magnetic field B is not restricted only if the 
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convection in the melts X ? and Y' can be repressed effectively, but preferably set 
to IT or over, more preferably within 4T-5T. In this case, the convection in the 
melts X 7 and Y' can be repressed more effectively and the diffusion process of 
the melts X' and Y J can be performed more precisely. 
5 [0019] After measurement, the conductive melts X' and Y' are cooled down 
to terminate the diffusion process of the melts X' and Y\ The cooling rate is 
preferably set to 20°C/minute or over. In this case, the diffusion process can be 
terminated immediately after measurement, so that the measurement error can be 
reduced efficiently. 

10 [0020] The diffusion coefficient between the melts X' and Y' can be 
calculated on the equation of L=(Dt)l/2 (L: diffusion length, D: diffusion 
coefficient, t: diffusion time (maintaining period of time of the melts)). 
The diffusion lengths of the melts X' and Y' is measured from the solid solution 
after the diffusion process. 

15 [0021] In this embodiment, the vessel 1 is preferably made from a non 
conductive material. In this case, no thermoelectromotive force is generated 
between the conductive melts X', Y' and the vessel 1 so that the convection in 
the melts X 5 and Y ? due to the thermoelectromotive force can be repressed more 
effectively. 

20 [0022] The vessel 1 can be made from any non conductive material, but 
preferably from not expensive graphite with large mechanical strength. 
[0023] As shown in Fig. 2, if the heights and the widths of the conductive 
melts X' and Y' in the vessel 1 are set to hi, h2 and w, respectively, the ratios of 
w/hl and w/h2 are preferably set to 1/5 or below, more preferably within 1/10- 

25 1/5. In this case, since the widths of the melts X' and Y' is set much smaller 
than the heights (lengths) thereof, the convection in the melts X' and Y' can be 
repressed more effectively, so that the diffusion coefficient between the melts can 
be measured much precisely. If the ratio of w/hl or w/h2 is set larger than 1/5, 
the diffusion coefficient between the melts X' and Y* may not be measured due 

30 to the low viscosity. 

[0024] With the above-mentioned measuring method and measuring apparatus, 

r 

an In-15at%Sn melt and an In-25at%Sn melt are contacted to measure the inter- 
diffusion coefficient thereof. The inter-diffusion coefficient measured at 900°C 
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was 1.1x10" m /s, which corresponds to an inter-diffusion coefficient measured 
in microgravity environment 

[0025] Although the present invention was described in detail with reference 
to the above examples, this invention is not limited to the above disclosure and 
every kind of variation and modification may be made without departing from 
the scope of the present invention. 

[0026] As mentioned above, according to the present invention, a method and 
an apparatus for measuring diffusion coefficient in conductive melts precisely 
can be provided. 
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